Abstract. The illegal exploitation of coal mine in China has been a threat to the national economy and the security of people's lives. It is necessary to efficiently monitor the illegal mining of coal, guarantee the safety of exploiters and restrain these unlawful activities. In order to determine the location of the blasting center, the theories of earthquake positioning were applied to get the location of underground blasting in this paper. The feasibility of these theories was testified by simulating the explosions on LS-DYNA virtual platform, and the optimal distribution method of test systems was obtained by comparing the results of different placement methods. Experimental results show that Multi-point circumferential distributed placement is most suitable for determining blasting center.
Introduction
China has an abundant reserve of coal resource. Shanxi, as a province with huge amount of mining, has made a significant contribution to the domestic industrial development. With the rising demand on this resource and the increase of the price level, some people illegally exploit the coal mine in order to earn the abnormal benefit, disregarding the national interests, disturbing the functioning of market economy, affecting the stability of society and more importantly, having a threat to the life safety of the exploiters [1] .
The approach of blasting is widely applied in the private coal exploitation process, which will vibrate the earth crust at some extent [2] . Hence, this article tends to locate the underground blasting using the principles of earthquake positioning in order to stop the illicit activities in time, efficiently reduce the harm to people's welfare and guarantee the security of the production.
Study on Location Method of Underground Blasting Center
Traditionally, earthquakes can be divided into natural earthquakes and artificial earthquakes. The so-called artificial earthquakes refer to earthquakes caused by human activities [3] . The professional concepts include focus, the source of the earthquake; azimuth; epicenter distance; focal depth, etc.
Focus: The source of the earthquake. The blasting position of artificial blasting is indicated in this paper.
Epicenter: The point on the earth's surface directly above the focus is called the epicenter. Azimuth: The right angle coordinate system is established with the test point as the origin. The azimuth is defined as the angle at which the test point rotates along the positive pointer of the x axis to the epicenter. The test point is on the horizontal ground with the epicenter.
Epicenter distance: Distance between test point and epicenter. Focal depth: Vertical distance from focus to epicenter.
As shown in Fig. 1 , determining the azimuth, epicentral distance and focal depth can determine the location of the detonation center [4] . 
Calculation Method of Azimuth Angle (θ)
The acceleration values of the x axis y axis and z axis produced by the explosion were collected at
The three-dimensional covariance matrix of
is obtained, such as Eq. 1.
The eigenvector corresponding to eigenvalue 
Calculation Method of Epicentral Distance (D)
In this paper, the epicentral distance is expressed by D. The P-band in the seismic wave can be quantitatively described by the gradual signal model, as shown in Eq. 5.
 is the main frequency of the received signal, ) (t u is a step signal, B is the slope factor and A is a change factor associated with signal change in Eq. 5. The change of A and B values will cause the difference of P wave morphology [5] . The envelope fitting model of P wave waveform is obtained by Hilbert variation to the Eq. 5. The result is as shown in Eq. 6.
Next, the concrete steps of calculating epicentral distance are given. First, the P wave in the vertical direction of 2S is captured; then the signal is transformed by Hilbert and the envelope function of P wave is obtained by taking the absolute value. Then, the 2S signal is transformed by Hilbert and the absolute value is taken as the envelope function of P-wave. Then the P-wave envelope function above is fitted with the P-wave envelope model in Eq. 6. The relation between B value and epicentral distance D is fitted by least square method after the inverse derivation of B value. The block diagram is shown in Fig. 2 .
Calculation Method of Focal Depth (H)
The determination of depth can be seen from Fig. 1 . In the right triangle composed of the explosive center, the epicenter and the test point. The epicentral distance is known, so the depth can be obtained according to the Pythagorean Theorem as long as the distance from the center of explosion to the test point is obtained [6] .
The 1 t in Eq. 7 indicates the time point at which the seismic wave generated by the explosion arrives at the test point. t 0 indicates the time of the explosion and V represents the average velocity of seismic waves propagating underground. Because of the attenuation of seismic wave propagation and the infeasibility of underground velocity measurement， so velocity V is hard to get. Now use the distributed test system to solve this problem.
Intercepting P-wave data in the perpendicular direction of 2S Make the Hilbert change and take the envelope function that is absolutely worth P wave
Fitting the above P wave envelope with P-wave envelope model
Inverse derivation B value
Fitting the relation between B and D by least Square method As shown in Fig. 3 , six test points are distributed on the circle of the same radius on the ground, in which the center of explosion lies at the origin. Each test point is an independent test system. In theory, every system is tested at the same depth, so take three test systems as a set of buildable Eq. 
(10) The Eq. 11 obtained by the A as the measurement data of the test point 1. It can be seen that there is only one unknown number H in the formula, so this method can be used to calculate the depth of detonation center. (11) At this point, three parameters determining the position of the core have been determined. Theoretically, the location of the center of explosion can be determined.
LS-DYNA Simulation
LS-DYNA finite element simulation has good applicability for underground explosion simulation [7] . In this paper, Hperwork is used for finite element mesh generation, ANSYS calculation K file and post-processing analysis for LS-prepost. The distributed test system can centrally manage the test equipment in different locations through local area network, which can meet the new requirements of the test under the new situation, and the accuracy of the test results is higher than that of a single test [9] .
As shown in Fig. 5, 8 test points are distributed on a circle of the same radius, and the distance from the test point to the epicenter is 10cm, 20cm, 30cm, respectively, with a cobweb distribution. Fig. 6 is the simulated acceleration of the X/Y/Z three axes of the selected test points, where the units of the horizontal coordinate are ms and the unit of the vertical coordinate is g. Figure 6 . Acceleration solution value.
Optimal Distribution of Test System
The data of 24 points in the Fig. 5 is used to obtain the result distribution in Table 1 . The circles show the epicenter coordinates of each test point, and the triangles are the coordinates after the integration. The distance between the test point and the center of explosion and the way around the test point will affect the experimental data. In the actual test, there may be a deviation between the installation center of the device and the actual explosion center. As a result, only some of the data obtained in the distributed test system are available. In order to obtain a realistic distribution of points, four groups of observation points are defined: the first group (1) (2) (3) (4) (5) (6) (7) (8) , the second group (9-17), the third group (18-24), the fourth group (1-3), the fifth group (13-15) and the sixth group (19-21). Get the results shown in Table 2 . The analysis of one, two and three groups of data shows that the closer to the epicenter, the higher the measurement accuracy. According to the analysis of one and four groups, two and five groups, three and six groups, when the distance from the epicenter is the same, the error of surround distribution is smaller than that of the same quadrant. In this paper, the weighted idea is used to integrate the data, that is, the more close to the epicenter, the larger the proportion of the test points. The data are integrated and analyzed by using the Eq. 12-14. 
Where H is the depth and XY is the vertical coordinate of the epicenter (After determining the azimuth and epicentral distance will be known).
Y is the parameter measured by a single test system. The position of the epicenter (0.52, 0.47) is obtained by using Eq. 13-14. The final result of depth statistics is 0.43m calculated by Eq. 12, so the final explosion position is (0.52, 0.47, 0.43). Compared with the true position of (0.5, 0.5, 0.4). The error is about 5%, which is within the normal error range, so it can be judged that the above method is applicable to the location of underground explosive.
Conclusion
The illegal exploitation of coal mining has a series of grievous effects. The positioning of underground blasting was analyzed by applying the method of earthquake positioning in this paper. Based on the simulation of the blasting on the virtual platform of LS-DYNA, the optimal method of distributing test points that Multi-point surround with different distances was obtained by comparing different patterns of placement. The points are arranged at different distances from the epicenter, and the points at the same distance are distributed in a circumferential shape. The minimum error of the statistical data obtained is compared with the real data. This conclusion is applicable for monitoring the unlawful coal mining exploitation and can help to prevent the negative influence of illegal coal mining process.
